OR OBSERVING HIGH-ALTITUDE NEUTRAL AIR 
AND DEVICE FOR OBSERVING HIGH- ALTITUDE NEUTRAL AIR 



BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] This invention relates to a method for observing high-altitude neutral 
air and a device for observing high-altitude neutral air which are usable in space 
operational business enterprise and space weather forecast business enterprise. 
Description of the related art 

[0002] As has gotten a lot of attention in th e falling of th e Mir space station 
at March, 200 1, if a larg e scaled spac e structur e is plung e d into atmosph e re and 
reached to earth, it is concerned that the spac e structure affects on our social l ife 
to some d e gre e . — In this point of vi e w, data Data concerning high-altitude 
neutral air areis very important because the efbi torbital altitude of a space 
satellite may b e d e cr e as e d decay due to the atmosphere drag in the high-altitude 
neutral air and the plung e timing reentry of the space satellite into the atmosphere 
can be predicted from the high-altitude neutral air data. 
[0003] In a conventional observation for the high-altitude neutral air, an 
observing instrument is mounted on a space satellite, which is disposed in the 
high-altitude neutral air. As a result, since the observing instrument is 
positioned in a given area of the high-altitude neutral air, the observation for the 
high-altitude neutral air is carried out at every area where the observing 
instrument is positioned. 

[0004] Since the observing area is contaminated by positioning the space 
satellite, with the conventional technique, the high-altitude neutral air can not be 
observed precisely. Moreover, with the conventional technique, only the data 
concerning a given area of the high-altitude neutral air by positioning the 
observing instrument in the given area can be obtained, so the total data 
concerning the high-altitude neutral air can not be obtained simultaneously. 
[0005] The data concerning the high-altitude neutral air can be obtained from 
the Jacchia model (Standard Jacchia Reference Atmosphere 1977) which is a 
simulated and modeled distribution of high-altitude neutral air based on the 
changes in altitude of many previously launched space satellites launched in the 



past. Since the predictive accuracy of the Jacchia model is poor, how e v e r, it can 
not be employed in a technical field requiring prompt response and accuracy such 
as the prediction in atmosph e re plunge of the reentry of a space satellite and th e 

mvv . 

S¥MMER¥SUMMARY OF THE INVENTION 
[0006] It is an object of the present invention , in this point of view, to 
observe the high-altitude neutral air widely and precisely. 

[0007] In ord e r to achi e v e the abov e m e ntion e d obj e ct s , this invention r e lat e s 
te-aA method for observing high-altitude neutral air 7 comprising comprises the 
steps of: 

discharging ion particles so as to be trapped with magnetic field lines of 
the earth, 

colliding the ion particles with high-altitude neutral air to generate high 
velocity neutral particles through charge exchange, and 

trapp i n g detect in g the high velocity neutral particleSi te- 
d e t e rmine determining the distance to the high-altitude neutral air from at least 
one of the discharging d ischarge p ositions of the ion particles and the trapping 
detected p ositions of the high velocity neutral particles based on the period of 
time between the dischargk*ge timings of the ion particles and the trapping 
detection t imings of the high velocity neutral particles, therebvt e d e termine 
determining both the direction of the high-altitude neutral air based on the 
trapping- direction of the high velocity neutral particles^ and to d e t e rmin e the 
spae espatial position of the high-altitude neutral air. 

[0008] In the present inv e ntion, for example. an exemplary embodiment, a 
given ion source is disposed on the orbit of the e arth, in earth orbit and then, ion 
particles are then discharged from the ion source so as to be trapped by the 
magnetic field lines of the earth. When the ion particles are-collided with the 
high-altitude neutral air, high velocity neutral particles are generated through the- 
charge exchange with the ion particles in th e high altitud e n e utral air . The high 
velocity neutral particles travel inertially without th e di s turbance o f being 
disturbed by the magnetic field lines of the earth, and trapp e d are detected with a 
given-neutral particle analyzer disposed enin the orbit o faround the earth. 



[0009] The discharging volociti o s discharge velocity of the ion particles can 
be predetermined, and the velociti e s velocitv of the neutral particles can be 
measured with the neutral particle analyzer. Moreover, the relative position 
between the ion source and the neutral particle analyzer can be predetermined, 
and the discharging angles of the ion particles from the ion source m4as well as 
the observing angle of the neutral particle analyzer can also be predetermined. 
Therefore, if the periods period of time between the discharging timings discharge 
time of the ion particles and the trapping timings detection time- of the neutral 
particles areis measured, at least one of the distances between ? firskr -the high- 
altitude neutral air and the ion source and ? between s e cond, botwo en-the high- 
altitude neutral air and the neutral particle analyzer can be determined. 
[0010] Moreover, since the neutral particles can be trapped detected with the 
neutral particle analyzer, the direction of the high-altitude neutral air can be 
determined from the trapping detected directions of the neutral particles. 
[0011] In addition, in the present invention, sinco Furthermore, based upon 
the distance for the high altitud e neutral air d istances and the direction of the 
high-altitude neutral air ar e m e asured as m e ntioned measured above, the 
spac e spatial position of the high-altitude neutral air can be determined th e refrom . 
[0012] Herein, the wording "high-altitude neutral air" means an atmosphere 
within an altitude range of about 100km- 1000km. 

[0013] Also, the wording "charge exchange" means a reaction where an ion 
particle "A" is collided with an ion particle "B", causing the charge transfer of 
the ion particle "A" to the ion particle "B" and thus, generating a high velocity 
neutral particle "A" and a high velocity neutral particle "B" (A*+B— »A+B*). 
[0014] In th e pr e s e nt inv e ntion Furthermore . since the high velocity neutral 
particles ea**- mav b e generated from the charge exchange with the ion particles in 
the high-altitude neutral air . By measuring^ the trapping detection frequency 
of the neutral particles^ is m e asur e d with the neutral particle analyzer, the particle 
density of the high-altitude neutral density ean may be determined. 
[0015] If the ion particles are made of the same particles as the neutral 
particles, the e nergies energy of the ion particles and the e n e rgi e s energy of the 
neutral particles before and after their collision eon- may be conserved b e for e and 
aft e r th e collision b e tw ee n th e ion particles and th e n e utral particles . Therefore, 



the kinetic energies energy of the neutral particles areis equal to the kinetic 
en e rgies energy of the ion particles. In contrast, if the ion particles are made of 
different particles from the neutral particles, the kinetic e n e rgies energy of the 
neutral particles areis increased andor decreased based on the differences in 
ionization voltage between the ion particles and the neutral particles before and 
after thetheir collision th e r e b e tw ee n . 

[0016] Since the sorts- composition of the ion particles are known, if the 
increasing and d e cr e asing c hange in kinetic energy of the ion particles are-is 
measured, the sorts type composition of particles in the high-altitude neutral air 
can be determined through the collision , and thus, the composition of the high- 
altitude neutral air can be determined. 

[0017] It is desired that the ion particles are made -comprised of particles 
which rarely exist on the high and low orbits of the earth. In this case, the ion 
particles can be recognized clearly against other particles in the space. 
Concretely, the ion particles may be made of krypton particles or xenon particles. 
[0018] The ion particles may be discharged in pulse or modulation. In this 
case, the discharging timings of the ion particles and the trapping timings of the 
high velocity neutral particles can be recognized clearly, and the distance for the- 
high-altitude neutral air can be measured easily and precisely. 
[0019] In this way, according to the present inv e ntion, the spacc The spatial 
position, the density and the composition of the high-altitude neutral air ean -may 
be determined precisely. By controlling tf -the discharging anglos discharge 
angle of the ion particles from the ion source and the observing angle of the 
neutral particle analyzer ar e is controll e d appropriat e ly , the density and the 
composition of the high-altitude neutral air can be widely determined in a short 
period of time. 

BRIEF DESCRIPTION OF THE DRAWINGS 
For better understanding of the present invention, reference is made to 
the attached drawings, wherein 

Fig. 1 is an explanatory view relating to a method for observing high- 
altitude neutral air according to the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0020] This invention will be described in detail with reference to the 



accompanying drawings. 

Fig. 1 is an explanatory view r e lating to a exemplary method for 
observing high-altitude neutral air according to the present invention. 

In Fig. 1, an ion cluster source is disposed as an ion source on the 
orbit above the equator of the earth, and a neutral particle analyzer is disposed in 
the rear side of the ion cluster source. Ion particles are discharged from the ion 
cluster source, and trapped with the magnetic field lines generated from the axis 
of the earth. In this case, the ion particles are rotated along the magnetic field 
lines, which is defined as "Larmor motion", and moved north and south. If a 
given condition is satisfied, the mirror confining mechanism is generated, so that 
the ion particles are moved repeatedly north and south. 

[0021] In this cas e , the ion lon particles afe-collided with inner particles in 
the high-altitude neutral air (not shown) at the black points in Fig. 1, causing the 
charge transfer of the ion particles to the inner particles and thus, generating 
neutral particles in the directions designated by the arrows. The neutral 
particles travel inertially at their respective high velocities without the 
disturbance of the magnetic field lines, and are t rapp e d and detected with the 
neutral particle analyzer. 

[0022] The discharging velocitie s discharge velocity of the ion particles can 
be predetermined, and the velociti e s v elocity of the neutral particles can be 
measured with the neutral particle analyzer. On th e other hand Furthermore . the 
relative position between the ion cluster source and the neutral particle analyzer 
can be predetermined. In addition, the discharging angles d ischarge angle of the 
ion particles from the ion cluster source can be predetermined and the observing 
angle of the neutral particle analyzer can be predetermined. Therefore, if the 
periods period of time between the discharging timings of the ion particles and 
the trapping timings detection of the neutral particles areis measured, at least one 
of the distances between either the high-altitude neutral air and the ion cluster 
source and source, orand between the high-altitude neutral air and the neutral 
particle analyzer can be determined. 

[0023] The direction of the high-altitude neutral air can be determined from 
the trapping dir o ctions detected direction of the neutral particles wk husing the 
neutral particle analyzer. 



[0024] As mentioned above, it is desired that the ion particles are made of 

particles which rarely exist on the orbit of the earth such as krypton particles or 

xenon particles in order to be distinguished from other particles in nature. 

In order to enhance the easiness and precision of the measurement of the distance 

for the high-altitude neutral air, the ion particles may be discharged in pulse or 

modulation. 

[0025] If the trapping detection frequency of the neutral particles areis 
measured with the neutral particle analyzer, the particle density of the high- 
altitude neutral air can be determined becaus e th e high v e locity neutral particles 
can b e g e n e rat e d through the charg e e xchange with the ion particles in th e high 
altitud e n e utral air . If Sinc eBecause the composition of the ion particles is 
known, by measuring the changes in kinetic energy of the neutral particl e s are 
m e asur e d, particles, the composition of the high-altitude neutral air can be 
determined b e cause the sort s of th e ion particl e s ar e known and thus, based upon 
the fact that the-changes in kinetic energy of the neutral particles depend on the 
sorts o f specific composition of p articles in the high-altitude neutral air. 
[0026] In this embodim e nt, since Because it is not required that the ion 
cluster source and the neutral particle analyzer arebe disposed directly in the 
high-altitude neutral air, the spaee spatial position, the density and the 
composition of the high-altitude neutral air can be determined precis e lv preciselv 
determined without ^^contamination from, for example, ef-the ion cluster 
source, source and- the neutral particle analyzer and th e lik e. Moreover, if the 
discharging angl e s discharge angle of the ion particles from the ion cluster source 
and the observing angle of the neutral particle analyzer afeis controlled- 
appropriately , the density and the composition of the high-altitude neutral air can 
be determined widely in a short period of time. 

[0027] It may bo that tho The ion cluster source and the neutral particle 
analyzer ea nmay be mounted on a space satellite which is disposed on the orbit 
of the earth in an earth orbit . In this exemplary e ase rembodiment, i£-the position 
of the space satellite is adjusted, may be adjusted so as to position the ion cluster 
source and the neutral particle analyzer can b e disposed as illustrated in Fig. l-te- 
observ e the high altitiide n e utral air . The ion cluster source and the neutral 
particle analyzer ea nmav be mounted on the same space satellite or r e spective 



different space satellites. In the latter case, since the degree of freedom in 
disposition of the ion cluster source and the neutral particle analyzer ea nmav be 
increased, the high-altitude neutral air ea nmav be observed and measured 
wkte gmore widely . 

[0028] Although the present invention was described in detail with reference 
to the above examples, this invention is not limited to the above disclosure and 
every kind of variation and modification may be made without departing from 
the scope of the present invention. 

[0029] As m e ntioned abov e , according to th e present inv e ntion ln summary, 
since it is not required that the ion source and the neutral particle analyzer are 
disposed directly in the high-altitude neutral air, the stme espatial position, the 
density and the composition of the high-altitude neutral air ea amay be 
determined precis o ly. preciselv determined. Moreover, when the discharging 
angles discharge angle of the ion particles from the ion source and the observing 
angle of the neutral particle analyzer are controll e d appropriat e lv, appropriatelv 
controlled, the density and the composition of the high-altitude neutral air 
ea nmav be determined widely in a short period of time. 



